Introduction
Procurement and contracting are integral parts of the acquisition management process.
In US defense research contracting, the Acquisition Request Originator (ARO) and Contracting
Officer's Technical Representative (COTR) play important roles in the pre-award and post-award contractual phase. Their responsibilities include evaluating procurement request (PR) packages and identifying forms and other components of the packages that will ensure their completion.
These activities require them to be familiar with the policies and procedures that support the acquisition management process. In many U.S. defense laboratories, scientists must participate in the procurement and contracting process in order to be awarded contracts and continue with their work. However, the nature of contracting involves many complex, frequently changing rules and regulations. It is difficult for the ARO/COTR to remember and to keep up-to-date with these new rules/procedures, particularly since he/she is principally a scientist or engineer and not a contract specialist. These activities often become burdensome and are not part of the actual research effort.
To assist the ARO/COTRs in handling the pre-award phase of a contract, such as putting together a PR package, and many other acquisition concerns/rules/ regulations, the Defense Acquisition Deskbook has been created and appears in both web and CD format (http://www.deskbook.osd.mil). This Deskbook is updated regularly in order to have the most current set of acquisition rules and regulations at the fingertips of the ARO/COTR. The Procurement Desktop-Defense (PD2)/Standard Procurement System (//pd2.amsinc.com) has been also developed as the standard for procurement rules and regulations. A component of the Defense Acquisition Deskbook is the "Ask a Professor" module whereby one submits a question and experts in resource centers reply to these requests. There are typically about 100 questions sent to experts each month. In addition, the Contracting Officer's Technical Representative Liebowitz, Adya, Rubenstein-Montano, Yoon, Buchwalter, Imhoff, Baek, Suen 2 Expert System Aid (CESA) has been developed to capture the expert's knowledge and experiential learning to help the ARO/COTRs and train new specialists in the pre-award phase of a contract [18] .
Although CESA can play valuable roles in assisting in the contracting process, multi-agent technology seems to have potential for enhancing support for ARO/COTRs beyond the capabilities of CESA. Among many features of multi-agent technology, its capabilities for collaboration and adaptation are particularly appealing for this problem domain. First, agents are capable of cooperating and collaborating with other agents and possibly human users to solve problems. Agents share information, knowledge, and tasks among themselves, and cooperate with each other to achieve common goals. The capability of a multi-agent system is not only reflected by the intelligence of individual agents but also by the emergent behavior of the entire agent community [29] . This ability allows each agent to be designed to represent a different specialty area of the Defense Acquisition Deskbook and develop responses to the inquiries on the pre-award phase of a contract through collaboration among multi-agents. Second, agents are capable of adapting to the environment, including other agents and human users. Agents can learn from experience over time to improve their performance [15] . The learning capability is particularly promising for long term use in the contract acquisition area. A multi-agent system can learn appropriate responses based on user inputs and new requirements for contract acquisitions. Such multi-agent technology may be a viable alternative to automate parts of the Ask a Professor component in the Defense Acquisition Deskbook. The multi-agent system called MACS (Multi-Agent COTR System) has been developed to assist in defense acquisition, and is a method for capturing, sharing, and disseminating knowledge as related to the knowledge management field for defense acquisition applications.
Knowledge management [19] [20] [21] is the process of creating value from an organization's intangible assets. It deals with how best to leverage knowledge internally in the organization and externally to the customers and stakeholders. As such, knowledge management combines various concepts from numerous disciplines, including organizational behavior, human resources management, artificial intelligence (AI), information technology, and the like. The focus is how best to share knowledge to create value-added benefits to the organization.
In looking at ways for sharing knowledge, transforming individual knowledge into collective, organizational knowledge, and reincarnating organizations into "knowledge organizations", the field of AI can help push these basic tenets of knowledge management [30] .
One of the important areas of knowledge management is knowledge capture and representation.
The knowledge engineering [10] Additionally, knowledge discovery and data/text mining approaches (AI-related methods) could be used to inductively determine relationships and trends in these knowledge repositories for creating new knowledge. In order to represent this knowledge in these repositories, a knowledge taxonomy and knowledge mapping are typically constructed for serving as the frameworks on which to build these knowledge repositories. Knowledge ontologies and ways for representing acquired knowledge (rules, cases, scripts, frames/objects, semantic networks, etc.) are typically created in the AI field for building expert and other intelligent systems. The knowledge management field can apply these AI techniques to help codify the knowledge in the knowledge management systems. Other AI techniques like intelligent agents [3] can be used to help in the search and retrieval methods of knowledge in the knowledge management systems. Agents can be used to help in combining knowledge which would ultimately lead to the creation of new knowledge. The AI Applications Institute at the University of Edinburgh has developed an adaptive workflow system, using agent technology, to support knowledge management. Natural language and speech understanding front-ends as interfaces to knowledge management systems may be worthwhile AI techniques to apply in the coming years to the knowledge management field.
Our MACS system uses agent-based technology to enhance the knowledge of those interested in gaining insights into the acquisition field. The objective of this paper is to present the architecture, implementation, and related considerations of a multi-agent system, called MACS.
The system is designed to help the ARO/COTR in answering questions about the pre-award phase of a contract. Knowledge for this multi-agent system is extracted from CESA [18] . MACS could ultimately be used in the Ask a Professor module by applying agents to search the Deskbook and develop responses to ARO/COTR related questions.
MACS has been designed using both AgentBuilder ® software and a Java servlet.
Essentially, the agent that interfaces with users is a Java servlet that can be viewed on the
Internet. This agent then communicates with AgentBuilder ® where the other agents in the system, and their knowledge from CESA, reside. Communication between the agent designed as a servlet and the AgentBuilder ® agents is accomplished with a Java-based communications API provided by Reticular Systems, Inc., the vender for Agent-Builder ® . This API makes use of the Remote Method Invocation to access distributed objects over a network.
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The next section reviews the literature on multi-agent frameworks. Section 3 presents applications of multi-agent systems in the procurement and contracting/acquisition areas.
Section 4 then describes the architecture of MACS for the pre-award phase of contracting and the implementation, and Section 5 summarizes our work.
Multi-agent System Frameworks
Over the past few years, some interesting work has been developed in creating multi-agent system frameworks [8] . One such framework by DeLoach [6] develops a methodology for multi-agent systems engineering. The framework includes the following [6]:
1. identify agent types;
2. identify the possible interactions between agent types; 3. define coordination protocols for each type of interaction;
4. map actions identified in agent conversations to internal components;
5. define inputs, flows, and outputs associated with the agents;
6. select the agent types that are needed;
7. determine the number of agents required of each type and define: the agents' physical location or address, the types of conversations that agents will be able to hold, and any other parameters defined in the domain.
Zeus, developed at British Telecom Laboratories by Collis et al. [5] , is an advanced toolkit for engineering distributed multi-agent systems. Zeus contains an agent component library, visualization tools, and agent building software. The Zeus agent design methodology is to determine candidate agents, define each agent using the graphical Zeus Generator tool and identify tasks, describe agent relationships using Zeus Generator, choose from a list of prewritten coordination strategies, and implement/encode the agents.
Flores-Mendez [9] , with the Collaborative Agents Group at the University of Calgary,
proposes the need for a standardized multi-agent system framework. He describes the multi-agent system as an environment consisting of areas. Areas are required to have exactly one local area coordinator, which is an agent that acts as a facilitator for other agents within its area. Agents use the services of local area coordinators to access other agents in the system.
Agents can also be connected with yellow page servers and cooperation domain server agents [9] .
A variety of other work on multi-agent systems has been undertaken. are looking at only autonomous agents; but in many situations, the integration of human collaboration with agent-based interaction will be crucial. Researchers such as Volksen et al. [36] at Siemens have developed Cooperation-Ware as a framework for human-agent collaboration.
Applications of Multi-agent Systems in Procurement and

Contracting/Acquisition
In surveying the literature, there have only been a few multi-agent systems developed directly for the procurement and contracting/acquisition area. Mehra and Nissen [22] have designed an intelligent multi-agent supply chain management system using Gensym's Agent Development Environment, and Chen et al. [4] have built a negotiation-based multi-agent system for supply chain management. Steinmetz et al. [32] have designed an efficient anytime algorithm for multiple-component bid selection in automated contracting. In the logistics area, Satapathy et al. [31] have developed Distributed Intelligent Architecture for Logistics (DIAL). This is a multi-agent system designed to aid in real world logistics planning.
Business process management is an allied area relating to the acquisition management field. ADEPT [11] views a business process as a community of negotiating, service-provided agents. O'Brien and Wiegand [27] have developed an agent-based process management Internet-based multi-agent system for military training [13] , and Agent Inception System for visual modeling for agent-based applications [7] .
Multi-agent Architecture for the Pre-award Phase of a Contract
The CESA provides the primary source from which the multi-agent system's knowledge base has been developed [18] . CESA is a rule-based expert system developed at the US Naval
Research Laboratory to help COTRs respond to questions relating to the pre-award phase of contract acquisition. MACS includes 119 rules of CESA's knowledge base covering the following areas:
• Adequacy of the PR package The web-based, multi-agent architecture presented in this paper for helping COTRs in the pre-award phase of a contract uses a six-agent architecture -a User Agent and five specialty agents that are entrusted with managing the various functions of CESA described above. The six agents represent a modified, brokered agency architecture. We say modified, brokered architecture because a User Agent functions as both an interface and a broker agent. That is, the User Agent interacts with the user/COTR to welcome the user, ask what pre-award questions the user has, and serves as the interface between the user/COTR and the other agents in the system. It will also (in future work) be coded with metaknowledge about other agents in the system so that it can route user queries to specific agents for response. Thus, the typical three-tiered brokered architecture is reduced to two tiers.
The five specialty agents in the system each possess domain expertise about particular aspects of the pre-award phase. The specialty agents are dictated by the CESA knowledge base.
The name of each specialty agent indicates its domain expertise and maps to the areas of the CESA rule base previously summarized as follows:
1. Forms Agent. This agent identifies the forms needed to complete the contract request based on characteristics of the contract. The specialty agents are self-contained (i.e. their knowledge bases are independent of the other specialty agents), and thus interaction between these specialty agents is not required.
The brokered User Agent requires two-way feedback between itself and the specialty agents. It also has two-way feedback between itself and the user (ARO/COTR) so that responses can be forwarded and displayed to the user by the User Agent. As mentioned in Section 1, the User Agent is a Java servlet and the specialty agents are AgentBuilder ® agents.
Agent communication and interaction proceeds in the following manner:
1. User Agent welcomes the User.
2. User sends a user request to the User Agent (currently via predetermined keywords selected from a list). 
System Interface
The user interface for this system is intended to support simple communications between the user and the system. In particular, the user will be expected to be aware of the characteristics of the contract under consideration. These characteristics are entered through a series of pull-down menus. Selections from these menus are then transported to the specialty agents in
Agentbuilder as a string of keywords in a KQML message. The response from these agents is then sent back as a series of strings to the User Agent, and these are represented as recommendations from the multi-agent system. Fig. 3 shows the input screen for the user agent and Fig. 4 is the output screen. These figures are depicting a particular example that will be further discussed in Section 4.2. The interface can be described as follows:
1. The summary window in the input screen makes queries made by users available to them for easy recollection and revision. Each time the user makes a selection, the results will be displayed using AND and OR conditions. The selection of AND and OR conditions is described below.
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(b) For the remaining menus, the user may select multiple options and these will appear as AND conditions in the summary window.
2. The user may be allowed to deselect options from the summary window.
3. Selections in the summary window are sent as a string to the User Agent.
4. Responses from the specialty agents to the user agent are then displayed on the output screen. The summary window with the user's selections is also displayed on this screen.
Once a response is sent, it is categorized according to the specific specialty agent from which the response was sent. Therefore, if multiple agents respond to the query, then their responses are appropriately categorized.
5. The output screen also allows the user to return to previous selections, start a new session, and exit from the interface.
6. When an appropriate response to a user's query is not found, the output screen displays the message "Sorry, but this agent does not have a response to your query."
The Computerized Multi-agent System
The agent architecture depicted in Fig. 1 Figs. 6 and 7 depict different aspects of a sample rule in the Evaluation Agent of the multi-agent system. Fig. 6 shows the coding for rule 57 on the right-hand side of the screen.
Under "WHEN" the conditions for firing the rule are listed-and these are the conditions given in Fig. 3 . "THEN" provides the text displayed to the user after the "WHEN" conditions have been met. The test_agent is then shown in Fig. 7 with the KQML message that must be sent to the Evaluation Agent in order for rule 57 to fire. Once fired, the text from rule 57 is displayed to the user as previously shown in Fig. 4 .
Summary
In this study, we have demonstrated the development of a multi-agent system that supports functions in defense acquisition tasks. Specifically, the goal of this multi-agent system is to help the COTR more easily and effectively answer questions relating to the pre-award phase of a contract over the Web. This is particularly useful because of the complex nature of the pre-award phase of contracting. Dividing the knowledge base into five areas of domain expertise via the specialty agents can enhance performance of the system by increasing the speed with which responses can be obtained from the specialty agents. Future testing and validation of the meta-knowledge encoded in the User Agent will have to be undertaken to further support this statement since responding specialty agents will be dependent on where the User Agent sends the COTR queries. In this regard, this system is one of the earliest ones in the field of defense contracting.
The study provides a foundation for enhancing this system such that it could be applied to domains other than contract acquisition. We envision that future work on this system in terms of the learning and natural language capabilities will support this generalization of our work.
Furthermore, the integration of the system with the more dynamic DAD site will ensure the dynamic nature of this system and will reduce the risks of static systems that are often associated with traditional rule-based systems.
Future development of the system will include the integration of additional knowledge from the Ask a Professor questions (which are archived on the web) via the Defense Acquisition
Deskbook. The emphasis of future work will be on the User Agent. First, the broadcast method for sending messages to the specialty agents will be converted to a routing system with meta-knowledge about each specialty agent's domain knowledge designed into the User Agent.
This will be accomplished by parsing values from this input strings entered by users to direct queries to the various specialty agents. Second, additional functionality will be built into the User Agent. This increased functionality will involve three things as follows:
(a) Distance Mechanism. In preliminary efforts to provide the user with the best response, some distance mechanism may be built to identify the most suitable response to a user's query. This will be particularly useful in situations where there is no match between the user's keyword identification and Agentbuilder rules.
(b) Learning. The User Agent may be able to make inferences about a user's preferences based on similar interactions in the past. The user agent may also learn the nature of the query and direct it to the most appropriate agent to reduce redundancy in the queries.
(c) Natural Language Abilities. Eventually the user may enter a query in a window and some natural language functions will parse this to obtain a potential list of keyword that may be of interest to the user.
